Supplementary Note: Model for titration-based molecular switch
We model the intracellular dynamics by means of a set of ordinary differential equations describing the dynamics of the concentration of mRNA produced by a gene with positive auto-regulation (pf lu3655), and whose translation is post-transcriptionally modulated by the competition between ribosomes and a regulator (RsmA/E).
The model is inspired by (Mukherji et al. 2011) , and its main features, derived from the experimental observations or hypothesized according to standard assumptions on molecular interactions, are illustrated in Fig. 1 .
The system is described by three variables that quantify the concentrations of the three components of the mRNA pool: the concentration f of free mRNA, the concentration r of mRNA bound to ribosomes, and the concentration r * of mRNA bound to the regulator. The level of fluorescence production, as measured using the GFP reporter to the CAP locus, is under the same positive regulation by the gene product as the gene itself. For simplicity, we consider the concentration of proteins encoded by the gene is the same as the mRNA undergoing translation, so that the feedback loop is modelled by the dependence on r of the production of new free mRNA. Similarly, r measures the activation level of the fluorescent reporter/capsulation pathway.
The pools of free ribosomes ρ and of free regulator α interact posttranscriptionally with free mRNA, competing for the same binding site, so that the regulator can sequester a fraction of mRNA, analogous to what happens in other cases of molecular titration.
Figure 1: Schematic representation of the hypothesized regulatory pathways, involving competition between ribosomes (orange rectangles) and a regulator (red diamonds) for a target site on the mRNA, activation of the gene transcription by the gene product (blue ellipses), and the GFP reporter construct. The model describes the dynamics of free mRNA concentration f and of that of mRNA bound to either ribosomes (r) or to the regulator (r * ). The rates relative to the transition between these three classes and towards degradation are indicated in blue. The total pool of ribosomes and regulator proteins are assumed to be constant, so that these are either in free form or bound to mRNA.
The equations for the change of the three state variables in time read:
where K and K * are the kinetic constants for binding of mRNA to ribosomes and regulatory molecules, respectively, and γ and γ * are the decay constants of the two bound mRNA classes (upon which decay, ribosomes and regulators are recycled in the cellular pool). Under the assumption that the pools of ribosomes R and of regulators A change on a slower time scale than the expression of the gene, and if we assume for simplicity that every bound mRNA interacts with a single ribosome/molecule of the regulator, then the pools of free ribosomes ρ and of free regulator α can be computed by subtraction as ρ = R − r and α = A − r * . The production term P (r) accounts for the positive feedback loop, and is thus assumed to be a positive increasing function with r, saturating at a constant level. For illustration purpose, we will assume that the protein has a binary cooperative binding to the promoter, so that the production rate has the Hill form:
but qualitatively similar results hold as well for other functional forms, as discussed later. Let us now find the equilibrium solutions for eqs. 1-3, which we keep in a general form by expressing the production (source) and binding (sink) terms in the free mRNA equation 1 as functions of the translated mRNA.
From eq. 2, we obtain the equilibrium f as a function of r:
By substituting in eq. 3, we obtain the equilibrium r * as a function of r:
where g = γ/γ * and c = K/K * .
The equilibrium condition for eq. 1 can now be expressed in terms of r. Let us define as:
the term accounting for mRNA binding during post-transcriptional regulation. Since by definition r < R, the numerator in eq. 7 is always positive. T (r) opposes the increase in translation elicited, in the absence of titration, by the positive feedback loop. The equilibria of the system correspond to:
that is binding exactly balances production. When P (r) > T (r), then the amount of free mRNA will increase in time, and vice-versa when P (r) < T (r), so that the stability of the equilibria can be assessed by looking at the difference P (r) − T (r) between source and sink terms.
In order to understand the qualitative behaviour of the different strains considered in the main text, we can study graphically the solutions to eq. 8 as the intersections of the two curves P (r) and T (r). For simplicity, we assume that the decay rates are constant and equal, thus g = 1. We study the number and position of the equilibria for a set of parameters that corresponds to the qualitative differences among the strains discussed in the main text: ancestral SBW25, the 1B 4 switcher mutant and two genetic constructs with increased PFLU3655 production (1B 4 (pME6032-pf lu3655); see Fig. 3 B from the main text) and decreased binding affinity of the regulator (1B 4 P pf lu3655 G-8A; see Fig. 4 B, C from the main text).
As illustrated in Fig. 2 , the two curves always intersect in the origin (as long as the PFLU3655 protein has no other sources of production than the autoregulated pf lu3655 gene). This trivial equilibrium corresponds to the 'OFF' state, where the gene is not expressed, and cells are not capsulated. If the term T (r) is always larger than the production rate P (r) (Fig. 2 A) , then the equilibrium is stable. This case corresponds to regulation in ancestral SBW25 under normal growth conditions, and occurs in a parameter range where the total concentration of regulator A is not too small relative to that of ribosomes R. Even in this situation it is nevertheless possible that, for large stochastic fluctuations, the system remains trapped for a certain time at high expression levels, due to the fact that the system slows down where the two curves approach, as illustrated by the proximity of the curve P (r)−T (r), to the abscissae axis. This corresponds to the observation of rare, possibly transient, occurrences of capsulation in the SBW25 strain (Gallie etal. 2015) .
In switcher 1B 4 strains and ancestral SBW25 in late stationary phase, where ribosome content is high with respect to the regulator, titration is only effective when PFLU3655 production ( thus its concentration) is low. When gene transcription exceeds a threshold (the middle, unstable equilibrium), instead, production overcomes post-transcriptional regulation, and amplification caused by the positive feedback loop displaces the system towards a new equilibrium. In such 'ON' equilibrium, the concentration of the transcript is no longer set by the regulator, but rather by other processes that impede the indefinite growth of protein production, such as for instance competition at the promoter binding site of pf lu3655, which are recapitulated in the saturation of the production term.
If the production term had another functional form, the same type of scenario would occur, provided two conditions are satisfied:
• When pf lu3655 is expressed at very low levels, production grows slower than titration, so that most mRNA is sequestered by the RsmA/E regulator.
• Protein production saturates for high levels of translation, limiting the autocatalitic effect of the positive feedback loop. For instance, this could be due to exhaustion of tRNAs.
If these conditions are met, then the system will be bistable whenever production outpaces titration for intermediate mRNA concentrations. The transition from a monostable to a bistable scenario corresponds to a (saddlenode) bifurcation occurring when the production curve is tangent to the regulation curve. This happens for parameters that satisfy the following equation, evaluated at the (parameter-dependent) equilibrium points r E : Assuming that regulation of the gene is independent of post-transcriptional processes, thus keeps the same dependence on protein concentration when the interaction between mRNA and ribosomes/regulators is modified, the production term will be described by the same increasing function of r. Since the left-hand side of eq. 9 remains the same, hence, transition to the bistability regime will occur for smaller r when the ratio A/R decreases. At the bifurcation point, the stable and unstable positive equilibria coincide, so that the threshold for the transition to the 'ON' state is smaller for higher levels of ribosomes relative to the regulator.
In the region where three equilibria are present, the position of the middle, unstable equilibrium defines the extension of the basins of attraction of the two stable equilibria 'ON' and 'OFF'. If processes that are not included in this model, such as dynamical changes in other intracellular variables or number fluctuations, cause stochastic variations in the number of proteins produced by the gene pf lu3655, it is reasonable to think that the relative extension of the basins of attraction quantifies the probability of finding a cell in one of either states, and that the position of the 'ON' equilibrium reflects the level of expression of the CAP locus. We would thus expect that as long as the population is in a steady-state, the phenotypic composition on the population reflects such probabilities.
If the system was instead in a transient state, where the intracellular concentration of ribosomes changes on a time scale comparable to that of the phenotypic switch, this model would not be enough to account for the composition of the population, which is expected to vary due to the coupling of physiological and phenotypic change. Analogously, in order to describe quantitatively the steady state and how it is attained, one would need to model explicitly the effect of stochastic variations.
Let us now consider if this qualitative model is consistent with the experimental observations relative to the genetic constructs in the 1B 4 background studied in the main article, corresponding in the model to the case illustrated in Fig. 2 B .
One first experiment consisted in overexpressing the gene pf lu3655. Constitutive expression of pf lu3655 (under the control of the IPTG-inducible P tac promoter present in the pME6032 plasmid) results in an effective increase in transcription, independent of PFLU3655 protein concentration. We model this by adding to the production term a constant amount. If one substitutes P (r) with P (r) + δ, with δ > 1, the basin of attraction of the 'OFF' equilibrium reduces, thus increasing the probability of switching to the 'ON' state ( Fig. 2 C) . At the same time, the production rate in the 'ON' equilibrium is slightly enhanced. This corresponds to an increase both of the proportion of cells in the 'ON' state and of their fluorescence, in agreement with Fig. 3 B from the main text.
In a second experiment, the binding affinity between the mRNA and the regulator was reduced, corresponding to an increase of the parameter c. This variation, illustrated in Fig. 2 D, leads as well to a steep increase of the probability of switching 'ON', as reported in Fig. 4 C of the main text. Concomitantly, the production rate, hence fluorescence, increase, as also observed experimentally (Fig. 4 B, main text) .
Supplementary Figure 1: Capsulation in the galU mutant
The P pflu3655 -GFP reporter was introduced in 1B 4 and the galU transposon mutant (Gallie et al. 2015) . Capsulation was measured by quantifying the proportion of GFP positive cells by flow cytometry at the onset of stationary phase. Means ± s.e.m. are shown, n = 12. Data are pooled from 2 independent experiments. *** P < 0.001, two-tailed t-test. Time ( Supplementary Figure 8 : Control experiments for electrophoretic mobility shift assays (A) Anti-His 6 western-blot of samples obtained after anti-His 6 purification of total proteins extracted from SBW25(pME6032-His 6 -rsmA1) (line 1) or SBW25(pME6032-rsmA1) cultures (line 2). His 6 RsmA1 is detected as a 6kDa band. Non-specific binding of the anti-His 6 antibody to a ~50kDa protein indicates equal loading of the two samples. (B) RsmA1 binding to pflu3655 mRNA is decreased by the addition of unlabelled competitor RNA. EMSA experiments were performed with 6.25nM biotin labelled oligonucleotides corresponding to the wild-type pflu3655 sequence and increasing concentrations of purified His6-RsmA1. 
